Purpose Recurrence risk management of patients with small (≤ 2 cm), node-negative, human epidermal growth factor receptor 2 (HER2)-positive breast cancer remains challenging. We studied the effects of adjuvant chemotherapy and/or trastuzumab and survival outcomes among these patients, using data from the population-based Japanese National Clinical Database (NCD). Methods We identified a cohort of 2736 breast cancer patients with HER2+ pT1N0 disease: 489 pT1a, 642 pT1b, and 1623 pT1c. The median observation period was 76 months, and the 5-year follow-up rate was 48.2%. The number of events was 212 for disease-free survival (DFS), 40 for breast cancer-specific survival, and 84 for overall survival (OS). Results There were 24.5% of pT1a, 51.9% of pT1b, and 63.3% of pT1c patients who were treated systemically after surgery. OS in pT1b (logrank test; p = 0.03) and DFS in pT1c (logrank test; p < 0.001) were significantly improved in treated compared with untreated patients. In the Cox proportional hazards model, treated patients had significantly longer OS than untreated patients in pT1b (hazard ratio (HR) 0.20) and pT1c (HR 0.54) groups. Estrogen receptor-negative tumors was also a significant predictor of survival in pT1c (HR 2.01) but not pT1ab patients. Furthermore, HR was greater in patients aged ≤ 35 years (3.18) compared to that in patients aged 50-69 years in the pT1b group. Conclusions NCD data revealed that systemic treatment improved OS in pT1bc but not in pT1a node-negative HER2+ breast cancer patients. Future observational research using big-sized data is expected to play an important role in optimizing treatment for patients with early-stage breast cancer.
Introduction
The incidence of stage I breast cancer has increased gradually to nearly half of all primary breast cancer cases because of detection of nonpalpable breast cancer using screening mammography in Japan as well as in Europe and the United States [1] [2] [3] [4] [5] . According to breast cancer registry, there was a marked increase from 37.3 to 51.6% in the proportion of stage I breast cancer patients during the year 2004 to 2014 [1] . Although it is well known that patients with T1ab nodenegative tumors (1 cm or less) generally have a favorable prognosis, outcomes for those patients may depend largely on tumor subtypes [6, 7] .
Human epidermal growth factor receptor 2 (HER2) overexpression is an independent, poor prognostic factor, and a positive predictive biomarker in response to HER2-targeted therapy [8] . HER2-overexpressing or HER2-amplified breast cancer accounts for 20-30% of invasive breast carcinomas [8] , and without treatment, has the worst prognosis among subtypes [7] . Various guidelines support the use of trastuzumab-based chemotherapy as a standard option in tumors larger than 1 cm, and suggest its administration in T1b tumors because some studies have reported that HER2 overexpression was an independent, poor prognostic factor even for patients with pT1ab node-negative HER2+ breast cancer [6, 9] .
Trastuzumab (Herceptin®, Roche) has been available as adjuvant systemic therapy in Japan since February 2008. Several randomized clinical trials [10] [11] [12] [13] [14] [15] [16] have shown an improved outcome among Trastuzumab users in pStage II-III disease. However, since patients with pStage I disease were mostly excluded from these trials, the evidence for benefit of chemotherapy and/or trastuzumab in those patients is limited. The aim of our study was to assess the recurrence and survival of pT1abN0 HER2+ breast cancer patients across different types of treatments and hormone receptor types, using data from the nationwide breast cancer registry, to provide information on possible treatment options to the healthcare providers.
Patients and methods

Data collection
The Breast Cancer Registry (BCR) run on the National Clinical Database (NCD) contains records of more than 560,000 patients with breast cancer from more than 1400 hospitals, as of 2015. Affiliated institutions provide data on newly diagnosed primary breast cancer patients through a web-based system to the BCR-NCD, covering more than 50 demographic and clinicopathologic characteristics. The initial follow-up is requested for 5-year prognosis since first treatment (preoperative therapy or surgery). The BCR-NCD was originally maintained by the Registration Committee of the Japanese Breast Cancer Society (JBCS) and was supported by the Public Health Research Foundation (Tokyo, Japan). It is currently managed by NCD, which is a platform for various nationwide registries in Japan. TNM classification is now registered according to the 7th edition of the Unio Internationalis Contra Cancrum staging system [17] , and histological classification was registered according to the General Rules for Clinical and Pathological Recording of Breast Cancer [18] , which was further transferred to the Classification of Tumors of the Breast and Female Genital Organs [19] .
Study patients
For our study, among 238,711 breast cancer patients registered between 2004 and 2011, we selected 186,059 female patients who underwent surgery ( Fig. 1 ). Patients with bilateral tumors, those who received preoperative systemic therapy, and those with distant metastases were excluded, resulting in 55,917 patients. HER2 overexpression was defined as immunohistochemistry (IHC) 3 + and/or a positive fluorescent in situ hybridization test according to the manufacturer's criteria [20] . Hormone receptor (estrogen receptor (ER) or progesterone receptor (PR)) expression was considered positive if at least 1% of nuclei in tumor cells were stained using IHC for ER or PR. Tumor subtypes were categorized on the basis of IHC as follows: luminal A (ER+, PR ≥ 20%, and HER2−); luminal B (ER+, PR < 20%, and HER2−) [21] [22] [23] ; luminal-HER2 (ER+ and/or PR+/ HER2+); HER2 (ER− and PR−/HER2+); and triple negative (ER−, PR−, and HER2−). Of the 49,458 patients with hormone receptor and HER2 expression-known pT1 tumors registered in the NCD, 21,603 patients (46.3%) with 5-year follow-up data were taken up for the study and analyzed for survivals based on different subtypes (Cohort 1).
Exposure and patient cohort
Of the 6339 patients with pT1 HER2+ tumors, 623 tumors were removed because of receiving preoperative treatment, and an additional 45 cases were removed because of a lack of treatment information, leaving 2736 patients (48.2%) with 5-year follow-up data, who were analyzed in our study (Cohort 2). Of the patients, we compared 1472 treated patients by systemic therapies (chemotherapy with or without trastuzumab) to 1265 untreated patients.
Statistical analysis
Pearson's Chi squared test was used to determine differences among the three patient groups, all with T1/HER2+ status. Wilcoxon's test were used for intergroup comparisons of continuous variables.
Survival curves were constructed using the Kaplan-Meier method with and without stratification on known prognostic factors and were compared using logrank test. Multivariable survival analyses for disease-free survival (DFS), breast cancer-specific survival (BCSS), and overall survival (OS) were performed using Cox proportional hazards modeling, to estimate the hazard of systemically treated patients relative to untreated patients by pT1a-c group. We considered the following variables as potential confounders in the Cox model: age, surgery, ER and PR statuses, postoperative systemic therapy, and pathological type. Patients with any missing or unknown data were excluded from these analyses. DFS was defined as the time interval between the date of surgery and the time of local or distant recurrence. BCSS and OS were defined as the time interval between the date of surgery and the date of breast cancer-related death or death from any cause, respectively. All tests were two-sided and a p value < 0.05 was considered statistically significant. All analyses were carried out using SAS version 9.4 (SAS Institute, Cary, NC). 
Results
We identified a cohort of 2736 patients with HER2+ pT1N0M0 disease ( Fig. 1 ). Patient characteristics are shown in Table 1 . The median follow-up period was 76 months, and the 5-year follow-up rate was 48.2%. The number of events was 212 for DFS, 40 for BCSS, and 84 for OS.
In general, patients with T1c tumors had a poorer OS compared to those with T1a or T1b tumors. Among patients with HER2+ tumors, those with T1b or T1c tumors had a poorer OS compared to those with T1a tumors (Supplementary Fig. 1 ). Moreover, patients with luminal A and luminal-HER2 T1c tumors did not have poorer OS, whereas patients with luminal B and triple negative T1c tumors had significantly poorer OS compared to those with T1a or T1b tumors ( Supplementary Fig. 2 ). Patients with HER2-enriched T1c and also T1b tumors had a poorer OS compared to those with T1a tumors (p = 0.04).
Prognostic information was available for 489 T1a (17.9%), 624 T1b (22.8%), and 1623 T1c patients (59.3%) ( Table 1 ). There were 24.5% of T1a, 51.9% of T1b, and 63.3% of T1c patients who received treatment, chemotherapy, and/or trastuzumab. HER2+ patients aged < 50, those who were premenopausal, those who received breastconserving surgery, and those who were ER−/PR− had a high probability of receiving systemic treatment, while patients with ER+ T1b tumors were less likely to be treated. Those with ER− compared with ER+ tumors tended to be treated with chemotherapy and/or trastuzumab to a greater extent ( Supplementary Fig. 3A ). The treatment group in the late phase (2008-2010) compared with the early phase (2004-2007) decreased by 6.8%, resulting in 23.2% for T1a; and increased by 12.9%, resulting in 57.8% for T1b; and increased by 20.0%, resulting in 71.9% for T1c (Table 1) . In 2008, the use of trastuzumab was approved in Japan. Thereafter, the administration rates of chemotherapy and/or trastuzumab stabilized at 50-70% for T1b and T1c, and at 20-30% for T1a patients, in accordance with the guidelines for the late phase (Fig. 2) . There was no difference in DFS for treated versus untreated patients in either the T1a or T1b groups; however, in the T1c group, treated patients showed significantly better DFS compared with untreated patients (logrank test; p < 0.001) (Fig. 3) .
In the Cox proportional hazards model with the background factors adjusted, the treated group had significantly longer survival than the untreated group (T1b: Hazard ratio (HR) 0.20; 95% Confidence interval (CI) 0.06-0.67 and T1c: HR 0.54; 95% CI 0.31-0.94) ( 
Discussion
In our study using retrospectively collected data from the Japanese BCR held within the NCD, we identified 2736 patients with early-stage pT1N0 HER2+ breast cancer and demonstrated significantly improved survival benefits (DFS: HR 0.45; 95% CI 0.32-0.68 and OS: HR 0.54; 95% CI 0.31-0.94) in those who received systemic treatment in the pT1c group (Table 2 ). In addition, systemic treatment improved outcomes in patients with pT1b disease (BCSS: HR 0.17; 95% CI 0.03-0.95 and OS: HR 0.20; 95% CI 0.06-0.67). Therefore, our study contributes to our understanding of whether to administer chemotherapy and/or trastuzumab to an increasing population of patients with earlystage HER2+ tumors. Such patients have generally not been included in randomized trials of adjuvant systemic therapy, and presently, there are no randomized trials that can provide level I evidence. Therefore, our observational registry study likely represents the best available and appropriate evidence on the management of benefit and harm in patients with pT1N0 HER2+ breast cancer.
Our data showed that treatment of pT1a tumors was not associated with an improved prognosis; therefore, caution should be used when deciding whether to treat patients with pT1a tumors. Whether all patients with early-stage HER2+ tumors require both adjuvant chemotherapy and 1 year of trastuzumab is still unclear. Guidelines from the National Comprehensive Cancer Network (NCCN) suggest that adjuvant chemotherapy with trastuzumab should be considered in patients with pT1abN0 (or N1mi) HER2+ tumors [24] . van Ramshorst et al., using data from the Netherlands Cancer Registry, reported that treatment benefits in patients given adjuvant chemotherapy and/or trastuzumab were similar in all three early-stage breast tumor groups, with 8-year BCSS estimates of 100 versus (vs.) 95% in T1a (HR 0.05; 95% CI 0-8.81 ×10 3 ; p = 0.62), 99 vs. 94% in T1b (HR 0.25; 95% CI 0.03-1.88; p = 0.18), and 96 vs. 90% in T1c tumors (HR 0.34; 95% CI 0.22-0.52; p < 0.001), and OS estimates of 100 vs. 85% in T1a (HR 0.05; 95% CI 0-1.99 × 10 2 ; p = 0.47), 99 vs. 89% in T1b (HR 0.14; 95% CI 0.02-0.99; p = 0.05), and 94 vs. 80% in T1c tumors (HR 0.23; 95% CI 0.16-0.33; p < 0.001) [25] . Tolaney et al. published that in the APT phase II clinical trial, 12 weeks of paclitaxel + trastuzumab followed by 1 year of trastuzumab monotherapy in node-negative HER2+ tumors less than 3 cm (with 18.9% and 30.5% of patients having T1mi/a and T1b tumors, respectively), demonstrated excellent survival outcomes (DFS 93.3% and OS 95.0% at 7 years) [26, 27] . Furthermore, they recently described a low incidence of grade 3 to 4 left ventricular systolic dysfunction (0.5%) and left ventricular ejection fraction decline (3.2%) during treatment with 4-year median follow-up [28] . However, long-term toxic effects should be taken into consideration in the final decision process. In light of results of our study, our opinion is that treatment of patients with pT1ab HER2+ tumors with trastuzumab-based adjuvant therapy should be discussed. Our study showed that younger patients (< 35 years) even with pT1b tumors had a poor prognosis, as shown in Table 2 (DFS: HR 3.18; 95% CI 1.08-9.34; p = 0.036). Therefore, we may consider treating younger patients with pT1b tumors because there was no difference regarding treatment ratios among the subgroups defined according to age at diagnosis except for the > 70 years subgroup ( Supplementary  Fig. 3B ). Moreover, elderly patients (> 70 years) with pT1c tumors had significantly poorer prognoses (DFS: HR 1.63; 95% CI 1.06-2.49; P = 0.026, and OS: HR 2.49; 95% CI 1.37-4.51; p = 0.003) and, therefore providing treatment to elderly patients is expected to have a significant beneficial survival effect. Sawaki et al. reported in a randomized controlled trial (N-SAS BC07/RESPECT) that trastuzumab monotherapy could be an option as an adjuvant therapy for elderly (70-80 years) HER2+ breast cancer patients in light of less toxicity and a better quality of life compared with chemotherapy plus trastuzumab [29] . Of the 266 patients, 49% were T1b and T1c, and DFS at 3 years was 94.8% in the chemotherapy plus trastuzumab-treated group and 89.2% in the trastuzumab-treated group (HR 1.42; 95% CI, 0.68-2.95; p = 0.35). Based on our results, we suggest that the same treatment options should be discussed for all patients with pT1N0 HER2+ tumors, regardless of tumor size or age. Our data showed that patients with pT1c tumors that were ER− had a poor prognosis (DFS: HR 2.01; 95% CI 1. 27-3.16 ; p = 0.0027, BCSS: HR 3.93; 95% CI 1.41-11.0; p = 0.0089, and OS: HR 2.58; 95% CI 1.27-5.24, p = 0.0088). However, regarding pT1ab tumors, being ER-was not a predictive marker. In Japan, physicians tend to avoid adjuvant chemotherapy for patients with ER+/ HER2+ tumors ( Supplementary Fig. 3A) . van Ramshorst et al. demonstrated that improved OS and BCSS outcomes were seen with systemic treatment in both hormone receptor-positive and -negative subgroups with a relative risk reduction in the same range, but that the absolute benefit was smaller in the hormone receptor-positive subgroup [25] . The difference can be explained by the use of adjuvant endocrine therapy for both hormone receptor-positive subgroups, regardless of chemotherapy and/or trastuzumab treatment. According to a meta-analysis of the randomized trial data by O'Sullivan et al., addition of trastuzumab to the chemotherapy improved DFS and OS in 4220 patients with early-stage HER2+ tumors, half of whom had none or one positive lymph node, and the proportional benefit was similar in both hormone receptor-positive and -negative diseases [30] . In the APT trial, the 3-year rate of recurrence-free survival (RFS) was 99.2% (95% CI 98.4-100), and there was no difference in subgroups defined according to tumor size (≤ 1 cm vs. > 1 cm) or hormone receptor status (positive vs. negative) [27] . Therefore, our viewpoint is that treatment with chemotherapy and/or trastuzumab for patients with pT1c tumors, particularly those that are ER−, is warranted.
The use of endocrine therapy combined with HER2-targeted therapy implies a type of dual blockade for patients with ER+/HER2+ tumors. Dackus et al. have recently published that aromatase inhibitors (AIs) (with or without ovarian ablation) were associated with better RFS and OS outcomes in ER+/HER2+ perimenopausal (aged 45-55 years) breast cancer patients, using data from the NCR [31] . According to multivariate Cox regression analysis, premenopausal women derived a significant survival benefit from AIs compared with tamoxifen (RFS: HR 0.47; 95% CI 0.25-0.91, p = 0.03 and OS: HR 0.37; 95% CI 0.18-0.79, p = 0.01). It is essential to use endocrine therapy combined with HER2-targeted therapy concurrently or sequentially. Moreover, an antibody-drug conjugate of trastuzumab and the toxic agent, trastuzumab-emtansine (T-DM1), is expected to replace trastuzumab-based treatment in various clinical situations. The phase II ATEMPT trial is ongoing, and patients with stage I HER2+ tumors are assigned to receive paclitaxel and trastuzumab followed by 1 year of trastuzumab or T-DM1 [32] . von Minckwitz et al. have recently published that the risk of recurrence of invasive breast cancer or death was 50% lower with adjuvant T-DM1 than with adjuvant continuation of trastuzumab alone for patients with HER2+ early breast cancer who had residual invasive disease after completion of neoadjuvant therapy [33] . Adverse events of grade 3 or higher were more common in the T-DM1 than in the trastuzumab group (25.7 vs. 15.4%). In light of the above, careful patient selection is most important when making decisions on a treatment regimen to avoid unnecessary toxicity.
There are several important limitations to this study. First, it consisted of retrospectively collected cases, including the possibility of selection and precluding the determination of causal relationships. However, Japanese BCR data cover more than 50% of breast cancer patients diagnosed in Japan. Therefore, we do not expect that selection would substantially affect our findings. Second, data on histological grade and Ki-67 labeling index were not available. There was the possibility of unmeasured confounding regarding this point. Finally, our data were not centrally reassessed on ER, PR, or HER2 status. However, the strength of our study is that it draws from more than 50,000 patients treated by qualified doctors and institutions in a 'real-world' setting and that it has internal and external validity. Our goal is to be able to identify patients with early-stage HER2+ tumors who require systemic treatment including HER2-targeted agents.
Conclusions
In conclusion, our findings demonstrate that systemic treatment and/or trastuzumab may not be necessary in the clinical management of pT1a HER2+ tumors. However, these treatments may be beneficial for pT1b tumors compared with no treatment. These results are compatible with various guidelines such as of those of the NCCN. Additional research using clinical registry data may be essential for verifying guideline treatments for this subgroup of breast cancer patients.
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